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CONVERSION FACTORS AND ABBREVIATIONS

For the convenience of readers who may prefer to use metric (International
System} units, the inch-pound values in this report may be converted by using

the following factors:

Multiply inch-pound unit by
inch {in.) - 25.4
foot (ft) : 0.3048
.gallon per minute {gal/min} - 0.06308
mile {mi) . 1.609
million gallons per day (Mgal/d) 0.04381

To obtain metric unit

millimeter {mm)

meter (m)

liter per secénd {L/s}
kilometer (km)

cubic meter per second (m3/s)

Sea level: In this report, "sea level” refers to the National Geodetic
Vertical Datum of 1922 (NGVD of 1929)--a geodetic datum derived from a general
adjustment of the first~order level nets of both the United States and Canada,

formerly called "Sea Level Datum of 1923."



QUALITY OF WATER FROM.PUBLIC-SUPPLY WELLS IN

PRINCIFAL AQUIFERS OF ILLINOIS, 1984~87

by David C. Voelker

 ABSTRACT

The quality of water from public-supply wells that tap the principal
aquifers in Illinois are summarized for a 4-year pericd. ‘Water-quality data .
" gollected during the study included concentrations of inorganic and volatile
organic constituents in 2,756 samples from 2,080 public-supply wells, and
soluble organic constituents in samples from 330 of these wells.

. water quality differs among the aquifers as well as within each équifer.
Ground-water quality generally is suitable for most domestic uses; however,
concentrations of iron, dissolved solids, and manganese commonly exceed the
State's general-use and public- and food-processing water-supply standards.
Water from some wells alsc contains concentrations of barium, chloride,
fluoride, and sulfates that exceed those State stahdards. Most of these
conditions are considered to be the result of natural processes.

_ An analysis of volatile organic compounds indicates that more than 300 of
the 2,756 samples collected contained at least one volatile organic compound.
The sand and gravel aquifers generally are the most sugceptible to human-—
lnduced contamination, and 172 of the 1,047 samples from these agquifers indi-.
cate the presence of at least one volatile organic compound.

The analysis for soluble organic compounds include more than 30 pesti-
cides, herbicides, and polychlorinated biphenyls (PCB's).. Of the 330 wells
sampled for these organic compounds, water from only 8 wells had quantifiable
concentrations of scluble organic compounds. Five ‘pesticides, including
metolachlor, atrazine, alachlor, cyanazine, and metribuzin, were detected in
samples from five wellg, all of which contained measurable concentrations of
atrazine. Water from three wells contained detectable levels of PCB's, but
upon resampling, the presence of PCB's in the well water was not confirmed. .
The presence of these soluble organics appears to be limited to wells located
near sources of potential contamination. Scluble corganic compounds were
detected only in wells open to the sand and gravel aqulfers.

INTRODUCTION

Illinois has been considered a water-rich State because of its abundant
water resources. As a part of the effort to protect these resources, State
and local planning, management, and regulatory agencxes need reliable hydro-
logic information. In the past several years,'attention has ‘been focused on
the ‘quality of the ground-water resource. State agéncies involved in water
resources have placed grdund-water management as a top priority.



Historical ground-water-quality data in the State has some limitations.
The Illinois Department. of Public Health has records of chemical analyses of
water samples from domestic wells. Most of the samples were submitted volun-
tarily because of known or suspected problems; 1nformat10n on the well location
and source aquifer commonly is absent. :

The Illinois Envirommental Protection Agency (IEPA) has maintained records
of routine sampling of public-supply systems. Routine sampling of public-
supply wells by water-system operators has been used to determine treatment
necessary for compliance with regulatory reguirements.

The Illincis State Water Survey has been malntalnlng records of chemical
analysis of ground watexr since 1890; about 83 percent of the data has been
collected since 1940. These records include analyses from public-supply wells,
industrial wells, irrigation wells, and privately owned domestic wells. Most
records include data on dissolved solids, hardness, sulfate, nitrate, chloride,
~and iron, but virtually no data ‘'on organic compounds. :

Ground-water w1thdrawals in Illinois reached nearly 1, 100 Mgal/d (mllllon
gallons per day) in 1984; about 475 Mgal/d were withdrawn for public supplies.
Public-water supplles provide 88,7 percent of the State's population with
potable water, of which ground water supplies about 3. 7 million people. An
additional 1.3 million people, primarily those in rural areas, have their own
supply of potable water, nearly all of which is from a ground—water source
(Kirk and others, 1985, p. 3)}. Table 1 shows water use in Illinois in 1984.

As part of Illinois' Public Act 83- 1268 the IEPA was assigned the task of
establishing a statewide ground-water monitoxring network (Illinois Environmental
Protection Agency, 1986). In 1984, the U.5. Geological Survey, in cooperation
with TEPA's Division of Publlc Water Supplles, developed and instituted such a
sampling program. Goals of the program were to sample water from public-supply
wells constructed in the major gechydrologic units in the State, describe base-
line water-quality conditions in those units, investigate potential trends in
ground-water quality, and establish a- manageable data base for the periodic
assessment of ground-water conditions statewide (Frost and others, 1984).

The monitoring program initially was operated as-a pilot study from 1284
to 1985, during which time 106 public¢-supply wells were sampled quarterly. The
statewide distribution of these wells is shown in figure 1.  During the pilot
study, sampling protocol and data management for the cooperative program were
developed and instituted (CQbh and Sinnott, 198?). :

During the pilot study, ground—water samples from public-supply wells
were analyzed for nutrients, common constituents, metals, phenols, and cyanide.
Data on physical properties also were collected at the well sites (Voelker,
1986). The first comprehensive statewide sampling for volatile organic com~
pounds also was. accomplished during this period {Cobb,and Sinnott, 1987).

After the pilot study was completed in 1985, the program developed into
one in which every public=~ supply well in the State was to be sampled. ells
from which samples indicated the presence of volatlle organlc compounds were
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Table 1.--Water use in Illinois, 1984

[Eirk and others, 1985; Mgal/4d,
million gallons per day}

Public supplies:

total withdrawals 1,797.0 Mgal/a .
surface water : 1,322.2 74 percent
ground water : 474.8 26 percent

Self-supplied industry: :
~total withdrawals 34,622.9 Mgal/q4

surface water ' . 34,387.8 99 percent
ground water ' 23541 1 percent

Rural (includes domestic,
irrigation, farm) use:
total withdrawals _ 380.7 Mgal/d
ground water (estimated):* - 380.7 100 percent

Fish & wildlife management areas:

" total withdrawals 31.0 Magal/d
" surface water " 22.8 74 percent
ground water : 8.2° 26 percent
Summary: o _
total withdrawals ' 36,831.7 Mgal/d
surface water 35,732.8 - 97 percent
ground water ' ' 1,098.8 ' 3 percent
Population: total 11.5 million
supplied by:
surface water 6.1
ground water 3.7 (1/3 of the population)
combined «4
unknown 1.3

resampled for data verification. As of July 1, 1987, 2,756 samples were
collected from 2,080 public-supply wells in the State. Figure 2 shows the
statewide distribution of the wells sampled; the actual number of wells sampled
by county is shown in figure 3. Of those 2,080 wells, 330 wells alseo were
sampled for pesticides, herbicides, and PCRB's (fig. 4). Data collected during
the cooperative ground-water-monitoring program are presented in two reports
{Voelker, 19286; Voelker and others, 1988).
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Purpose.ﬁnd Scope

The purpose of this report is to summarize the water-guality data col-
lected from 2,009 public-supply wells completed in the five principal aquifers
in Illinois. Results of statistical analyses of the data collected during the
cooperative program between the U.S. Geological Survey and the Illinois
Environmental Protection Agency are presented. Data collected from the 71
wells sampled that are constructed with openings at unknown intervals are '
excluded from this report. ’
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CONDITIONE THAT AFFECT GROUND-WATER QUALITY

Ground-water quality can be affected by both natural and human-influenced
conditions. Natural conditions include precipitation and the interaction of
waters with vegetation, soils, and rocks. Human-~influenced conditions include
the results of agriculture, industry, mining, urban development, and the use,
transport, and disposal of hazardous wastes. The Following sections describe
these conditions during the study period.

Natural Conditions

 Several major rivers border or flow through Illinois. The State has a-
maximum length of about 380 mi (miles) and a maximum width of about 210 mi; it
extends from the Great Lakes to the confluence of the Migssissippi and Ohio
Rivers. More than three-fourths of Illinois lies within the Central Lowland
physiographic province (fig. 5B). Small areas in extreme southern and south-
western Illinois lie within the Ozark Plateaus province, Interior Low Plateaus
province, and the Coastal Plains province. Different physiographic and geo-
logic conditions throughout Illinois cause significant differences in ground-
water conditions (Willman and others, 1975).

I1linois has a total relief of about 950 ft {(feet), ranging from 285 ft
above sea level at the confluence of the Mississippi and Chio Rivers at the
southern tip of the State to 1,235 £t above gea level in extreme northwestern
Illincis. More than one-half of the State is from 600 to 800 ft above sea
level (Willman and others, 1975, p. 19)}.
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large areas in western, south-central, and southern 1111n01s are under-
lain by relatively thin glacial drift {less than 75 ft thick); in northern and
east-central Illinois, the glacial drift is much thicker (greater than 600 ft
in some areas)., Large deposits of water-yielding sand and gravel axe present
in the drift (Sherrill and others, 1985}. '

Average annual rainfall in Illinois ranges from 38 inches in the noxth to
44 inches in the south. .- During the 1981~86 perxiod, precipitation was above the
30-year average in Illinois. This has been the longest above-average rainfall
period in Illinois in the last 120 years (Stahl and others, 19873 .

Human—Influenced Conditions

Because of the variety of land uses 1in Illinois, there are many potential
sources of ground-water contamination in the State. These potential sources
include, but are not limited to, waste-disposal sites, surface impoundments
for the storage and treatment of liguid wastes, septic systems, huried fuel
tanks, agricultural chemicals, pipelines, road salts and deicers, brine dis-
posal from oil and gas preduction, improperly abandoned wells and borings,
induced recharge of contaminants and contaminated waters, increased pumpage
resulting in saline water upwelllng, land application of wastewaters, uninten-
tional releases of contaminants, and improper or illegal storage and disposal
of wastes. These represent a wide variety of point and nonpoint sources of
contamination (Shafer, 1985). :

PRINCIPAL AQUIFERS IN ILLINOIS

Tllinois is underlain by five principal agquifers (fig. 5); these include
the sand and gravel, Pennsylvanian-Mississippian, shallow dolomite, Cambrian-
Ordovician, and Mount Simon aguifers (Shexrill and others, 1985). The Mount
simon aquifer collectively includes Cambrian sandstone of the lower part of
the Eau Claire Sandstone and the underlying Mount Simén Sandstone, which are
hydraulically connected. Because most wells are generally constructed only in
the upper part of the Mount Simon aquifer where dissolved-solids concentrations
are lowest and the same wells also are open to the overlying aguifers, ground-
water data from wells open to this formation are combined with the data from
wells open to the Cambrian-Ordovician aguifers for the purposes of this report.

More than half (51 percent) of the ground-water withdrawals in the State
are from sand and gravel aguifers. TFive percent of ground-water withdrawals
are from the Pennsylvanian-Mississippian agquifer, 16 percent from the shallow
dolomite aquifer, and 28 percent from the combined Cambrian-Ordovician aquifers
and Mount Simon agquifer (Kirk and others, 1985).

sand and Gravel Aguifers

Glacial drift of Quaternary age covers about 80 percent of Illinois and
ranges in thickness from about 1 to 600 ft. These glacial deposits are absent
only in extreme southern, northwestern, and part of western Iliinois. Sand
and gravel of Tertiary and Cretaceous age form thick ‘deposits in southern
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I1linois. The northern one-third and the extreme southern part of the State
have sand and gravel deposits that yield large gquantities of water. Elsewhere
in the State, ground-water yields are lower, except where preglacial stream
channels are filled with sand and gravel deposits (sherrill and others, 1985) .,

The sand and gravel aquifers in Illinois are the largest source of domes-
tic water supplies. Well yields from sand and gravel aguifers range from
about 10 to 1,000 gal/min (gallons per mimute}, depending on the thickness,
continuity, and permeability of the agquifer. The largest yields are from out-
wash sands and gravels in major glacial valleys (Sherrill and others, 1983).

Pennsylvanian-Mississippian Aguifer

Sedimentary rocks of Pennsylvanian and Mississippian age comprise the
bedrock surface in about four-fifths of Illinois. These rocks form the
Pennsylvanian-Mississippian aguifer and include limestones, sandstones, and
shales. Although fairly extensive in area, these rocks generally have low
poresity and permeabiliﬁy, and yield relatively small amounts of water. DMost
wells developed in these units supply domestic, farm, or small municipalities
at rates of less than 20 gal/min.(sherrill and others, 1985). '

Shallow Dolomite Aquifer

The shallow dolomite aguifer includes rocks of Silurian and Late
Ordovician age. This aquifer is most productive in northern Illinois, espe-
cially where it is unconfined beneath the glacial drift. Yields exceed 1,000
gal/min where the water is present in joints, fissures, and solution channels

(sherrill and others, 1985).

Cambrian-Qrdovician Aqﬁifers

The St. Peter Sandstone of Ordovician age and the underlying Ironton and
Galesville Sandstones of Cambrian age are the principal aguifer units of the
Cambrian-0Ordovician aquifers. Regionally, the entire segquence of Cambrian and
Ordovician strata seems to function hydraulically as a single unit (Frost and
others, 1984}. These aquifers provide mach cof the ground-water supply in the
northern third of Illinois (Kirk and others, 1985}.

The St. Peter Sandstone is widely used as an aquifer for domestic, muni-
cipal, and industrial water supplies. The Ironton and Galesville Sandstones
form the most productive aquifer in the Cambrian-Ordovician aqui fers, yielding
almost half of the productibn (sherrill and others, 1985).

Mount Simon Aquifer

The Mount Simon aquifer collectively includes Cambrian sandstone of the

lower part of the Eau Claire Sandstone and the underlying Mount Simon Sandstone,
which are hydraulically connected (Shervill and others, 1985, p. 202). Because

11



dissolved-solids concentration in the aquifer generally increases with depth,
most wells open to this aquifer penetrate only the upper part.. Because of this
increage in mineralization with depth, these wells commonly tap the overlying
aquifer units as well.

QUALITY OF WATER FROM PUBLIC-SUPPLY WELLS IN THE PRINCIPAL AQUIFERS

Ground-water quality throughout the State generally is suitable for most
uses (Illinois Environmental Protection Agency, 1987). The ground-water
quality in most areas of the State meets the general-use and public- and
food~processing water-supply standards (table 2) established by the Illinois
pollution Control Board {(IBCB) (1984a). The water-guality standards set by the
IPCB are complex and designed to ingure safe and adequate water supplies to all
Illinois residents. The standards listed in table 2 are presented without
regard to any of the gualifications or exemptions attached to the constituents
and are used in this report as a line of reference for data analysis. The
public~ and food-processing water-supply standards are used in addition to the
general-use standards, and, therefore, the more étringent of the two standards
were used for this report. Iron, manganese, and total dissolved-s0lids concenw-
trations most commonly exceed State general-use and public- and food-processing
water-supply standards, but these constituents generally can be reduced to
acceptable levels.

The collection of ground-water samples for the analysis of volatile
organic constituerts began in the spring of 1985, Of the 2,085 samples col-
lected for analysis of wolatile organics, 305 samples contained at least one
such constituent. Detection limits for all volatile organic compounds were
set at 1 pg/L (microgram per liter) by the IEPA laboratory doing the sample
analyses. Wells that contained water with these organic constituents were
resampled for verification of data; where appropriate, long-term monitoring of
wells has been scheduled for future analyses. Methylene chloride, chloroform,
trichloroethylene, 1,1,1-trichloroethane, tetrachloroethylene, dichlorobromo-
methane, dichloroethylene, and 1,1~dichlorcethane were each detected in more
than 5 percent of the samples collected. The IPCB has no standards for these
compounds. ' :

samples for analysis of soluble organic constituents, consisting of more
than 30 pesticides and herbicides as well as PCB's, also were collected from
a group of 330 wells that was considered to be at risk of contamination from
auch constituents. Of the 347 samples analyzed for these constituents, only
14 samples from 8 wells indicated the presence of these constituents in the
ground water. Wells indicating possible contamination are scheduled for
resampling to verify results of analyses and to determine whether monitoring
at the site will be expanded. Clarke and Sinnott (1988) provided a descrip-
tive analysis of pesticide monitoring in Illineis' community water supplies.

gsand and Gravel Aquifers

wWater in these aguifers generally is suitable for'most uses (Illinois
Environmental Protection Agency, 1987). A summary of the inorganic analyses

12
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Table 2.—-General-use and public- and food-processing water—supply
standards for Illineois

[Illinois Pollution Control Board, 1984a; dashes indicate no
standard designated; public- and food-processing water-supply
standards are cumulative with general-use standards;
mg/L, milligrams per liter]

Fublic- and food-

General~- processing
Constituent use water=-supply
standards standards
{mg/L) (mg/L)

Arsénic (total) 1.0 _ _ 0.05
Bariﬁm {total I .5.0 1.0
Cadmium (total) A5 _ .010
Chloride 500 250
Chromium +05 | +05
Copper _ .02 .
Cﬁanide 2025 ' -
Fluoride _ - 1.4 .__
Iron 1.0 -
Lead (total) o1 -05
Manganese (total) | 1.0 .15
Mercury : .0005 -
Nitrate;nitrogen = ' 190
Phenols 1 | .001
Selenium (total) ' : 1.0 | ; .01
S5ilver _ 005 -
Sulfates _ 500 250
Total dissolved solids 1,000 . 500
Zinc | 1.0 : ' -

13



Table 2.--General-use and public- and food-processing water—supply
standards for Illinois-—-Continued

"Public- and food-

General- - processing
Constituent use . water-supply
standards standards
{mg/L) (mg/TL)

Pesticides

Chlorinated Hydrocarbon Insecticides

Aldrin - -001
Chldrdane - 003
DDT - | +05
Dieldrin : - .001
Endrin ' - | .0002
Heptachlor —-_— 0001
Heptéchlor Epoxide - 0001
Lindane - - ;004
Methoxychlor - " el
Toxaphene = - 005

Organophosphate Insecticides
Parathion —-- o1
Chlorophenoxy Herbicides

2,d-Dichlorophenoxyacetic acid .
(2,4-D) o= -01

2,4,5-7richlorophenoxypropionic
acid (2,4,5~TP or Silvex) - _ 01

14



of water from these aquifers is found in table 3. Dissolved-solids concentra-
tions generally ranged from about 330 to 700 mg/L (milligrams per liter), and
the median concentration (459 mg/L) did not excéed the 500 mg/L standard set by
the State for public- and food-processing water supplies (Illincis Pollution
control Board, 1984a). Concentrations in more than one-third of the samples
exceeded the 500 mg/L standard, and several samples had concentrations greater
than 1,000 mg/L.

Iron concentrations in the sand and gravel aquifers were much more vari-
able, generally ranging from about 0.5 to 5.0 mg/L. More than one-half of the
samples'from these agquifers exceeded the State general-use standard of 1.0 mg/Le.
The median concentration was about 1.7 mg/L. Although many concentrations
exceeded 10.0 mg/L, water with elevated concentrations are usable for public-
water supply with proper treatment,

Manganese concentrations followed a pattern similar to iren; concentra-
tions generally ranged from 0.05 to 0.5 mg/L. The State public- and food-
processing water-supply standard for manganese is 0.15 mg/L, and 28 percent of
the samples exceeded this limit. sulfates, phenols, arsenic, and nitrate con=
centrations exceeded State public- and food-processing water-supply standards
in from 1.4 to 4.2 percent of the samples collected. Copper concentrations
exceeded the State's general-use standard of 0.02 mg/L in 5.0 percent of the
samples collected. :

Volatile organic compounds were measured in 172 of the 1,048 samples
collected from 978 public-supply wells open to the sand and gravel aquifers.
samples from 124 public-supply wells contained at least one volatile organic
compound. Table 4 summarizes the volatile organic analyses for wells open to
the sand and gravel aguifers. The most commonly observed constituents were
chloroform, trichlorcethylene, methylene chloride, 1,1,1=trichloroethane,
tetrachloroethylene, and dichlorcbromomethane. Of the 1,048 samples collected
from these agquifers, 46 samples contained at least one of these six volatile
organic coupounds. Tetrachlorocethylene was detected at a maximum concentration
of 565 ug/L--a concentration well above that of other volatile constituents
detected in these aquifers. Some elevated concentrations of methylene c¢hloride
may have resulted from sample contamination in the laboratory (persoénal commuin-
ication from Illincis Envirionmental Protection Agency).

Soluble organic compounds were detected in samples from eight wells that
were open to the sand and gravel aquifers (table 5}. Five of the six compounds
detected were pesticides and the sixth was PCB. Samples from three wells con-
tained PCB concentrations of 0.1 to 0.7 ug/L. Resampling of these three wells
did not verify the presence of PCB. Pesticides were detected in samples from
five wells; atrazine was the only pesticide detected in samples from all five
wells. Atrazine concentrations ranged from 0.07 to 4.8 pg/L. Aalachlor and
cyanazine were detected in samples from three wells, and metolachlor was
detected in samples from two wells. Samples collected from one well also con-
tained detectable levels of metribuzin. Detection limits for these pesticides
ranged from 0.01 to 0.05 ug/L. The wells from which sawples contained trace
amounts of pesticides are all located within 50 to 700 ft of site-specific
sources of potential contamination, such as agricultural chemical operations
{Cobb and Sinnott, 1987; Clarke and Sinnott, 1988).
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Table 3,--Summary of inorganic data from wells open to the-

sand and gravel agquifers -

(mg/L, milligrams per liter]

Number of samples collected:

Pellution Control Board {(1984a).

1é

1,444
Number of wells sampled: 991
Watexr- Number of Percentage
guality Ma xi mum samples of samples
Constituent standardl concentration exceeding exceading
(mg/L) (mg/L) standards standards

Arsenic 0.05 0.096 . 30 2.1
Barium 1.0 1.4 10 -7
Cadmium .010 017 3 «2
Chlbride 250 1,700 12 8
Chromium | .05 «13 1 +1
Copper 02 1.7 72 5.0
Cyanide .025 .05 3 .2
Fluoride . 1.4 4.5 7 +5
Iron. 1.0 40 767 53
Lead .05 26 7 5
Manéanese «15 2.2 406 28
Mercury 0005 069 3 2
Nitrate 10 88.4 20 1.4.
Phenols .001 .020 54 3.7
Selenium » 01 025 3 .2
Sulfates - 2590 1,400 61 4.2
Total_

disgolved

solids 500 3,700 504 35
Zine 1.0 5.1 6 .4

lpublic~ and food-processing water-supply standards of the Illineis



mable 4.--Summary of volatile organic'data for the sand and

{pg/L, micrograms per liter]

gravel aquifers

1,048 samples (978 wells) analyzed for volatile constituents.
172 samples (124 wells) had at least one congstituent present.

NWumber of
Max imum samples
concentration constituant
Constituent ( pg /1) detected in
. Chloroform 130.0 46
bichlorobromomethane 26.0 22
Dibromechlorcmethane _18.0 17
Bromoform 10.0 10
Methylene chloride 10.0 49
Dichloroethylene 35.0 11
1,1-Dichloroethane 6.0 18
7-1,2-Dichloroethylene 48 0 15
1, 2--Dici‘110roethane. 1.0 .0 11
-1,1,1-Trichlorqethané 24.0 29
Ccarbon Tetrachloride 5.2 4
Trichioroethylene &a0.0 39
Tetrachloroethylene 565.0 17
chiorobenéene 27.0 6
Benzene . 3.4 5
Toluene 1.0 1
Ethylbenzene 1.0 .1

17



Lt - - - - - Q001 LB=£T-90 L 0LYOVDB0ESETOD
9 - -— - - - SELl 9B-LZ~E0 10Z1LLLBBOBGREQY
- - - 8¢° A4 — o6zZol L8-12-50 Z08E0P0606TELOD
- - - -- Lo - QEZL L8~0E-~90

- - - - 8G* - DEGD L8=-LL-EC . .

- - - - €c - S501 . 98-L0-01 L08LZ26B06SLEOY
- - gL’ ve ity 0zl SGLl L8-01-80 -10916£6801L¥6E0Y
- L*E 02 D cl L€ Q*LlL ocol LB-DE-90

- 2z ¥ 68 8 v 9'6 SZTOL LB8-P1l-%0

- - — 5°S s°2 LA A G001 98~-80-01

- L9*0 - 59 5T L*9 0001 aB-B0-01

- - - g*¢ il 6°¢ Qzol 98-50-80 10BZ6006000L00F
- - QE*D - e’ - ovLL LB8-¥i-T0

- - - - €90 - QZrl LB=-8Z-10 ZDEVITOGDLIESGE
£0 - -— - ~-- - S001 LB8-0C-50 LOZTZZ060LLEGEE

ua#ﬂw.Hmm surelbozoTw UT fIUCTIRITUIOUAY ] .
s, 324 uTZng UTZ . 10Ty UTT 0Ty auTlL a3uq ISCUMU UOT3IEIS
-BI3Y -e101aW

~TI3SH B :)i4:-7.%] -2TY

[S3TwTT uctTinalsp MoTeq mum.mnoﬁwmkanaucoo S3eDTIPUT Seysed]

s§iagjInbe joaeab pue pues @yz o3 uado

ST1oM ATddns-otrgnd UT Pealssqo Spunodwod JHTuebIo slqnios jo mﬁoa#MHQQGUﬂOULt.m aTqeL

18



Pennsylvanian-Mississippian Aquifer

Because this agquifer yields amounts of water that generally are suffi-
cient only for small supplies, the water-quality data available 1is limited to
97 samples from 94 wells open to the  Pennsylvanian-Mississippian aquifer. The
results of these analyses are summarized in tables & and 7. :

Dissolved-solids concentrations generally ranged from about 330 to 760
mg/L; the median concentration was about 420 mg/L. Although the median con-
centration was below the State standard for public— and food-processing water
supplies, 22 percent of the samples exceeded that standard. Iron concentra-=
tions generally ranged from 0.1 to 4.7 mg/L; concentrations in 19 perxcent of -
the samples exceeded the State standard for general use. Manganese concentra-
tions exceeded Illinois' public- and food-processing water—supply standards in
9,3 percent of the samples; concentrations generally ranged from 0.01 to 0.4
mg/Le- Concentrations of chloride, arsenic, nitrates, and barium also exceeded
gtate standards for public- and food-processing water supplies in from 1.0 to
4.1 percent of the 97 samples collected. Fluoride concentrations exceeded the
general-use standards in 6.2 percent of the samples collected.

voldtile organic constituents were least often detected in wells open to
the Pennsylvanian-Mississippian agquifer. Only eight samples had detectable
concentrations of wvolatile organics; chloroform was detected in six of the
samples (table 7}. '

shallow Dolomite Aquifer

Dissolved-solids concentrations in the shallow dolomite aquifer generally
exceeded the State public~ and food-processing water—supply standard {(table 8).
Concentrations generally ranged from about 365 to 1,120 mg/L; concentrations
in 60 percent of the samples exceeded the 500 mg/L standard. One-fourth of
the samples had concentrations of iron and sulfate in excess of the State
general-use and public- and food-processing water-supply standards for these
constituents. Iron concentrations generally ranged from 0.1 to 1.9 mg/L, and
sulfate concentrations generally ranged from 21 to 450 mg/L. Copper, fluoride,
chloride, manganese, and phenol concentrations were in excess of their respec-
tive State standards in 1.8 to 7.1 percent of the samples collected from this
aguifer. ' : :

Table 9 summarizes the volatile organic analyses performed on 494 samples
from 431 wells open to the shallow dolomite aguifer. Sixty-=two samples
collected from 55 wells contained detectable levels (greatex than 1 ug/L) of
at leagt one volatile organic constituent. Methylene chloride was most often
detected, followed by chloeroform, tetrachloroethylene, and 1,1,1=trichloroethane.

Cambrian-Ordovician Aquifers and Mount Simon Aquifer

Because all of the public-supply wells in the network that are open to
the Mount Simon agquifer algo are open to the two Cambrian-Ordovician agquifers,

the water quality of these units is considered together. General results of
the inorganic analyses are presented in table 10.
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Table 6.--Summary of inorganic data from wells open to the
Pennsylvanian-Mississippian aquifer

[mg/L, milligrams per liter; <, less than]

. Number of samples collected: 97

Number of wells sampled: 94
‘Water~ Number of. Percentage
guality Maximum gsamples of samples
. Constituent standardl concentration exceeding exceeding
' {mg/L) {mg/L) "standards standards
Arsenic 0.05 0.08 3 3.1
Barium 1.0 3.3 1 1.0
Cadmium 010 . 008 0 0
Chloride 250 550 4 4.1
Chromium ..05 .04 0 0
Coppey .02 1.1 1 1
Cyanide 025 <.01 0 0
Fluoride. 1.4 341 6 6.2
Iron 1.0 21 18 19
Lead 05 015 0 0
Manganese «15 1.4 Q 9.3
Mercury .0005 .00057 2 2.1
Nit?ate 10 13 2 2.1
Phenols .001 <.005 0 0
Selenium .01 .009 0 0
Sulfates 250 250 0 0
Totai |
dissolved
solids 500 1,760 21 S22
Zinc 1.0 «90 0 0

lpublic- and food-processing water-supply
Pollution Control Board (1984a).
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mahle 7.-~Summary of volatile organic data from wells open to the

Pennsylvanian-Mississippian aquifer

[ug/L, micrograms per liter; dashes indicate
_constitunent not detected in any samples]

91 samples (87 wells) analyzed for volatile constituents.
8 samples (8 wells) had at least one constituent present.

: ) Number of
Maximam ' samples
: . concentration congtituent
Constituent - {ug/L) detected in
Chloroform 60.0 &
Dichlorobromomethane . ’ 15.0 3
'Dibramochloromethana 12.0 2
Bromoform - - -
Methylene Chloride 1.0 2
pichloroethylene -— -

1, 1-Dichloroethane -

T-1,2-Dichloroethflene -

1,2-Dichloroethane . 1.4
1,1,1=-Trichloroethane : 2.0

Carbon Tetrachloride ' -
Trichlorﬁethylene . . -
Tetrachloroethylene -—
Chlorobenzene ' _
RBenzene ’ _ -
Toluene ' -

Ethylbenzene ' : -
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fable 8.~--Summary of inorganic data from wells copen to the
shallow dolomite aquifer .

[mg/L, milligrams per liter]

Number of samples collected: 607

Number of wells sampled: 498
Water— Number of Percentage
quality Maximum samples of samples
Constituent standardl concentration exceeding exceeding
{mg/L) (mg/L) standards standards
Arsenic 0.05 - 0.049 0 0
 Barium 1.0 2.4 5 .8
Cadmium «010 012 2 +3
Chloride 250 1.7 14 2.3
Chromium .05 032 0 0
Coppex .02 1.3 43 7.1
Cyanide .025 0001 0 0
Fluoride 1.4 4.1 26 4.3
I¥on 1.0 45 157 2é
Lead .05 «20 3 | -5
Manganege .15 .32 11 1.8
‘Mercury .0005 .00063 2 .3
Nitrate 10 20 1] .2
Phenols .007 020 14 2.3
Selenium 201 .003 0 0
Sulfates 250 1,500 150 25
Total
disgsolved
solids 500 3,370 362 60
Zinc 1.0 | 4.6 6 170

lpublic- and feod-processing water-supply standards of the Illinois
Pellution Control Beoard (1984a).
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‘pable 9,--Summary of volatile organic data from wells open to the

shallow dolomite aguifer

[pg/L, micrograms per liter; da
not detected in any samples]

494 samples (431 wells)
62 samples (55 wells) ha

shes indicate constituent

analyzed for volatile constituents.
d at least one constituent present.

Number of

. Maximum samples
] concentration constituent
Constituent . (ng/L) detected in
dhlorofgrm 21.0 15
pichlorobromomethane 22.0 3
Dibroﬁochloromethane 17.40 1
Bromeform 2.8 1
Methylene Chloride 202.0 30
Di.chloroethylene 16.0 4
1,1-Dichioroethane 97.0 6
t~1,2~Dichloruethylene 2.0 3
1,2-Dichloroethane. 4.0 1
1,1,1-Triéhloroethane 6.0 12
Carﬁon Tetrachloride -— 0
Trichlorcethylene .105.0 7
Tetrachloroethylene 21.0 10
Chlorobenzene 13.0 2
- Benzene 29,0 3
Toluene i1.0 2
Ethylbenzene - 0
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Table 10;-—Suﬁmary'of inorganic data from wells open'to the

Cambrian~Ordovician aguifers and Moynt Simon aguifer

' [mg/L, milligrams per liter]

Number of samples collected: 521
Numbe; of wells sampled: - 426
Water- Number of Percentage

: quality Max imum samples of gamples

Constituent - standardl concentration exceeding exceeding
' {mg/L) {mg/L) standards standards
Arsenic 0.08 0.024 0 | Q
Bariun 1.0 23 47 9.0
Ca dmi um .010 2013 3 .6
Chloride 250 890 39 7.5
" Chromium .05 | 011 0 0
Copper .02 «11 15 2.9
Cyanide 025 00002 0 0
Fluoride 1.4 6.4 56 L]
Iron 1.0 23 2 .4
Lead «05 047 a .0
Manganese «15 1.2 5 1.0
Mercury 0005 «0016 2 o4
Nitrate 10 14 2 -4
Phenols +001 .02 27 5.2
Selenium .01 003 | 0 0
Sulfates 2590 1,200 45 8.6
Total
dissolved
solids 500 3,040 138 26

Zinc 1.0 .54 o 0

lpuplic~ and food-processing water-supply standards of the Illinois
Pollution Control Board (1984a).
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pissolved-solids concentrations in these aquifers generally ranged from
about 300 to 1,100 mg/L:-concentrations in about qnewfourth of the samples
exceeded the State's public- and fbod—processinq.water—supply gtandard of 500
mg/L. Fluoride concentrations exceeded the general-use standards for Illinois
in 11 percent of the samples; concentrations generally ranged from 0.1 to 1.6 -
mg/L. Sulfate concentrations generally ranged from 13 to 300 mg/L, and con-
centrations in almost 9 percent“of the samples exceeded the paublic~ and food-
procegging_water—supply standards. Barium concentrations exceeded the State's
public- and food-processing water-supply standards in 9 percent of the
samples; concéntrations commonly ranged to 1.0 mg/L, which is the State stan-
dard for public- and food-processing water supplies. Chloride concentrations
exceeded Illinois' public=~ and food~processing water-supply standards in about
7.5 percent of the samples from this agquifer; phenol concentrations exceeded
thoge standards in 5.2 percent of the samples. '

gixty-three samples collected from 57 wells open to these aquifers indi-
cated the presence of at least one volatile organic constituent {(table 11}.
The most often detected constituents ‘included methylene chloride and tri~
chloroethylene.' A trichloroethylene concentration was 952 pg/L in one sample,
and a tetrachloroethylene concentration was 385 pg/L in one sample. These are
amonyg the highest concentrations of any volatile organic compound detected in
public-supply wells in the State.

© SUMMARY

¢round water is the source of water supply to about 5 million people in
Illinois. Most of this is provided by public-supply systems that withdrew
almost 475 Mgal/d from the five principal aguifers in the State in 1984.
Pagt monitoring of Illineois' ground-water quality focused on known or
suspected problems with domestic wells or for determining treatment necessary
for compliance with requlatory requirements in public-supply systems.

The quality of Illinois ground water can be affected by many factors,
including both natural and human-induced conditions. These conditions include
precipitation; interaction of water with vegetation, soils, and rocks; and
human activities, such as agriculture, industry, mining, and waste management.

The five principal aquifers in Illinecis are the sand and gravel,
Pennsylvanian-Mississippian, shallow dolomite, cambrian-Ordovician, and the
Mount Simon agquifers. The sand and gravel aquifers are the source for more
than half of the State's ground-water supply, followed by the combined
cambrian-Ordovician agquifers and Mount Simon aquifer, the shallow delomite
. aguifer, and the Pernsylvanian~Mississippian agquifer. '

Based on the sampling of 2,080 public-supply wells over a 4-year period,
the water guality of these aguifers generally is good and suitable for most
uses. However, ground water typically contains elevated concentrations of -
iren, manganese, and dissolved solids; deeper aquifers also contain elevated
concentrations of barium and sulfate. For the most part, these conditions do
not limit water use. |
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Table 11.--Summary of velatile organic data from wells open to the

cambrian-Ordovician aguifeérs and Mount Simon aguifer

[ pg/L, micrograms per liter; dashes indicate
 constituent not detected in any samples]

433 samples (408 wells) analyzed for volatile constituents.
63 samples {57 wells) had at least one congtituent present.

Nunber of

Maximam samples
concentration constituent
Constituent {ug/L) detected in
Chlovoform o | 2.0 &
Dichloroﬁéqmcméthane j.é 1
Dibrdmﬂchloromethane 2.0 2
Bromoform - 0 |
.Methylene Chloride 5.0 25
Dichloroethylgne: 42.0 7
1,14Dipﬁlorde;hane 2.0 4
T-1, 2;nich;¢x§ethy1ene 54.0 n
1,2fDichlordethane 1.1 1
1,1,1-*richloroethane 11.0 10
Carbon Tetpachloride - q
Trichloroethylene 952.0 19
Tetrachloroethylene 385.0 12
Chlorocbenzene 1.0 1
Benzene -— o
Toluene 2.b_ _2_
Ethylbenzene - 0
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overall water gquality in the principal aquifers of the gtate generally is
suitable for public supply, with the exception, perhaps, of the Mount Simon
aguifer, where the increase in mineralization with depth makes it unsuitable
as an independent water-supply source. To reduce mineralization in the public-
supply system, water from this aguifer usually is blended with water from other
aquifers. : : '

The sand and gravel aquifers are the aguifers of greatest ugse in Illineis,
providing 51 percent of the ground water used in public-supply systems., Nearly
all ground water withdrawn fox rural use is obtained from these aquifers. Most
of the water contains elevated concentrations of iron, and one-third or more of
the public-suppiy wells sampled'contained'concentratiohs of  dissolved solids
and manganese well above the State .general-use and public~ and.food—processing
water=-supply standards. volatile organic compounds were datected in 172

samples from 124 wells open to the sand and gravel aquife s—-the only aquifers
in which soluble organic compounds were detected. :

‘Water from the pennsylvanian-Mississippian aquifer contained concentra-
tions of inorganic constituents similar to those in the 'sand and gravel aqui-
fers, but with a much lower incidence of contamination by volatile organics.
Dissolved-solids and iron concentrations exceeded the State standards for
general-use and public- and food-processing water supplies in about 20 percent
of the samples,fand manganese concentrations exceeded the State standards for
public- and'food-prbcessihg water supplies in 9 percent of the samples. - Only
8 of 91 samples co}lected from wells open to. the Pennsylvanian-mississippian

aquifer cgntained volatile organic compounds.

only 1.8 percent of the samples from the shallow dolomite aquifer, which
is hi@hly Qtilized in northeastern Illinois, contained manganese concentrations
that exceeded the State public~ and food-processing water-supply standards.
In one-fourth of the samples from this aquifer, iron and sulfate concentrations
exceeded the State general-use and public- and_food-processing water-supply
standards. Sixty-two samples from 55 wells open to this aquifer contained

detectable Jdevels of volatile organic compounds.

The combined cambrian-Ordovician aguifers and Mount Simon agquifer also are
‘highly utilized in the northern one-third of Illinois. Because of increased
mineralization with depth, public-supply wells open to the Mount Simon aquifer
also are open to the overlyingHCambrian-ordovician agquifers. pigssolved~solids
concentrations exceeded Illinois' public+ and food~processing water-supply
gtandards in one=fourth of the samples; barium coencentrations exceeded those
standards in 9 percent of the samples from these agquifers. Volatile organic
compounds were detected in 63 samples from. 57 wells open to these aquifers.
concentrations of tri- and tetra-chloroethelene were among the highest ever

detected for a volatile organic compound.

_ Current data indicate that organi¢ contamination f£rom human-induced con-~
ditions is not a widespread problem 1n 1llinoia, although it can he implicatéd
in ground-water contamination in some areas. Elevated concentrations of irom,
manganese, dissolved solids, and, to a lesser extent, sulfate, barium, chloride,
and fluoride, which are present in many aguifers in the State, appear to be of

natural origin. Concentrations of these constituents pan be reduced or removed

by water treatment and the water utilized as a source for water supply .
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